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STRUCTURAL DESIGN GUIDE 

FOR 

HARDWOOD PLYWOOD WALL PANELS 



1. GENERAL 

1.1 Scope 



This guide provides basic information for design with grooved and ungrooved plywood 
intended to be used as wall panels primarily in mobile homes and manufactured 
housing. The plywood is made mainly from domestic and imported hardwood species 
and used as a stressed component of structural assemblies. 

The geometric properties of the cross-section of the plywood as given in Section 2, and 
the allowable stresses determined from Section 3, apply only to plywood described as 
complying with the requirements of this document as to species, grade, thickness and 
lay up of veneers, and to designs made and carried out under competent supervisions. 



1.2 Species 

The species of wood used for veneers have been classified into the four groups of 
Table 1 .2 according to their specific gravity and modulus of elasticity. 

All species in the same group shall be used with the working stresses for that group 
recommended in Section 3. 

1.3 Veneer Quality 

Veneers are classified into quality grades with the permissible defects limited as 
specified in Table 1 .3 

Plywood containing veneers of quality inferior to that specified in Table 1 .3 shall not be 
described as complying with the provisions of this document. 

1.4 Glue Bond Quality 

The glue bond test and the minimum test performance set forth below shall be applied 
to representative samples of plywood described by this document. Six test specimens, 
5-inch (with grain of face ply) by 2-inch (across grain of face ply) shall be cut from each 
panel selected in such a manner that individual test specimens shall not have common 
edges. 

The six specimens from each test panel shall be submerged in water at 75+5°F 
(24±3°C) for 4 hours and then dried at a temperature between 120 and 125°F (49 to 
52°C) for 19 hours with sufficient air circulation to lower the moisture content (based on 
ovendry weight) of specimens to within the range of 4 to 12 percent. The cycle shall be 
repeated until all specimens fail or until three cycles have been completed, whichever 
occurs first. A specimen shall be considered as failing when any single delamination 
between two plies is greater than 2 inches in continuous length, over 1/4 inch in depth 
at any point, and 0.003 inch in width, as determined by a feeler gauge 0.003 inch thick 



and 1/2 inch wide. Delamination due to tape at joints of inner plies or defects permitted 
by the grade described in Table 1.3 shall be disregarded in examining panels. Five of 
the six specimens shall pass the first cycle and four of the six specimens shall pass the 
third cycle. Within any given lot of test samples, 95 percent of the individual specimens 
shall pass the first cycle and 85 percent of the specimens shall pass the third cycle. 

1.5 Internal Construction of Plywood 

All plywood to which this document applies shall satisfy the requirements in Table 1 .4 
with regard to species group, minimum quality and grade of veneers, dimensions of 
grooves, and lay up (internal construction). 

1.6 Exposure 

This guide refers to plywood for interior use only under conditions of service such that 
the moisture content will not exceed 18 percent. 

PLYWOOD SECTION PROPERTIES 

2.1 Application 

The geometrical properties of the cross-section of 12-inch wide strips of plywood of the 
various lay ups defined in Section 1 are given in Table 2.1. 

These properties are to be used with the appropriate allowable stresses determined in 
accordance with the provisions of Section 3 for the species group of the face ply of the 
particular plywood. For design purposes, the internal construction of the plywood is 
ignored and it is assumed in calculations that the plywood is homogeneous with the 
properties tabulated for the specified orientation of stress with respect to the direction of 
the face grain. 

Suitable modifications have been made to the properties in Table 2.1 where the 
species group of the core or back differs from that of the face. 

Due allowance has been made for the much lower modulus of elasticity of the plies 
stressed perpendicular to the grain compared to that of the plies stressed parallel to the 
grain. 

2.2 Moment of Inertia 

Values of the moment of inertia from Table 2.1 are to be used for stiffness calculations 
only. They are not to be used for determination of the section modulus. 

2.3 Section Modulus 

Values of the section modulus in Table 2.1 incorporate the necessary modifications to 
enable them to be used directly with the standard engineering formula for the strength 
of beams, namely, 



M = fZ 

where 

M = bending moment 

f = allowable stress for the face ply 

Z = effective section modulus, KS, from Table 2.1 . 

ALLOWABLE STRESSES 

3.1 Basic Working Stresses 

Table 3.1 presents the basic working stresses recommended for plywood complying 
with the provisions of this document and with the face grain oriented at 0° or 90° to the 
direction of the applied stress. 

The species group of the face ply shall determine the set of basic working stresses 
appropriate to a given plywood, irrespective of the orientation of the face grain relative 
to the direction of the stress. The effect of orientation of the face grain is allowed for by 
using the appropriate section properties with the allowable values from Table 2.1. 

3.2 Allowable Stresses 

The allowable stresses for structural plywood shall be the basic working stresses 
determined in accordance with Section 3.1 multiplied by the modification factors in 
Section 3.3 appropriate to the assumed service conditions. 

3.3 Modification Factors for Service Conditions 

3.3.1 Duration of Load 

The basic working stresses are for normal loading conditions, i.e. where the member is 
unlikely to be fully stressed for a period of more than about 10 years by the application 
of the design load either continuously or cumulatively. 

Where the duration of the design load is for a different period than 10 years, the basic 
working stresses, except modulus of elasticity, shall be multiplied by the appropriate 
factor from Table 3.3.1. 

The factors are not cumulative. Where a structure is subjected to combinations of 
loads of different durations, the multiplying factor shall be that appropriate to the 
component load of shortest duration in each combination. The plywood section finally 
chosen shall be adequate for all the combinations of loads. 

3.3.2 Moisture Conditions 

The basic working stresses in Table 3.1 are for plywood used indoors under conditions 
such that the maximum moisture content does not exceed 15 percent at any time. 

Where the environmental conditions are such that the moisture content will exceed 15 
percent, the basic working stresses shall be multiplied by the appropriate factor from 
Table 3.3.2. 



The working stresses shall not be used for structural application where the moisture 
content will exceed 18 percent. 

3.4 Lateral Buckling 

3.4.1 General 

A stressed skin panel is formed by fastening plywood to one or both sides of a 
framework comprising longitudinal wooden stiffeners parallel to the face grain with 
cross-members at the ends of the panel. 

The load-carrying capacity of the panel as a whole may be designed by standard 
procedures, but with thin plywood, which is the subject of this document, consideration 
should be given to the possibility that the plywood may buckle locally before the 
allowable load for the panel is reached. (Usually a panel with a thin skin will fail at a 
load much higher than that needed to cause local buckling, although this will depend on 
the geometry and properties of the panel.) However, application of loads greater than 
the buckling load of the skin may cause noticeable and unsightly deflections of the 
plywood and introduce high secondary stresses at the joints between plywood and 
framing members. 

Section 3.4.2 and 3.4.3 provide for two common design cases and a simple means of 
obtaining an approximate estimate of the load to cause buckling of the plywood. More 
precise procedures are available in the technical literature for the buckling of orthotropic 
panels where greater precision is warranted. 

3.4.2 Panels Subjected to Shear 

Where a stressed skin panel is subjected to racking forces, i.e. shearing forces directed 
parallel to its sides, the shear stress to cause buckling of the skin is estimated from 
equation 3.4. 



f scr = 0.336 C E f {J la) 1 (l perp J x l par ) 1/4 /lg . . . (3.4) 



where 



f scr = shear stress in plywood = shearing force 

(lb. per lineal inch)/overall thickness (inch) 

E f = modulus of elasticity of the face veneer 

T = overall thickness of the plywood 

a = distance between supports (studs, stiffeners, etc.) in the 

direction perpendicular to the grain of the face veneer 

Iperp = effective moment of inertia for stress perpendicular to the 

face grain (Table 2.1) 



'par 



= effective moment of inertia for stress parallel to the face 

grain (Table 2.1) 
l g = moment of inertia of the gross cross-section 



C = coefficient dependent on ratio of distances between 

supports measured parallel and perpendicular to the face 
grain, and on the elastic constants of the plywood. 

For design, estimates conservative for most cases would be: 

C = 1 for plywood secured by nails or staples only 

C = 1 4 for plywood secured by glue. 

If buckling is considered undesirable, then the shear stress in the plywood shall be 
limited to kf s cr where k does not exceed 0.4 for normal duration of loading. The 
modification factors in Section 3.3 for duration of load and moisture content are then 
applied. 

3 A3 Panels Subjected to Bending 

Where a stressed skin panel is acting as a beam under the action of loads applied to 
the plywood, buckling of the plywood skin in compression may occur. However, such 
buckling is unlikely if the plywood properties and spacing of the longitudinal stringers 
are such that the deflection of the plywood skin, calculated on the assumption that it 
acts as a simply supported beam spanning between adjacent longitudinal stringers, is 
less than 1/1 80th of the stringer spacing. 



TABLE 1 .2 CLASSIFICATION OF SPECIES 



a,b 



Group A 



Group B 



Group C 



Group D 



Ash, white 
Apitong 

Beech, American 

Birch, sweet 

Birch, yellow 

Bubinga 

Hickory 

Kapur - 
Dryobalanops spp. 
(Philippines) 

Keruing - 
Dipterocarpus 
spp. (Indonesia 
and Malaysia) 

Maple, sugar (hard) 

Oak, red 

Oak, white 

Pecan 

Rosewood - 
Dalbergia spp. 

Sapele 

Tanoak 



Ash, black 
Avodire 
Birch, paper 
Cherry 

Cucumbertree 
Cypress 
Douglas-fir 
Elm, rock 
Fir, white 
Gum 

Hemlock, western 
Magnolia, southern 
Mahogany, African 
Mahogany, 
Honduras 
Maple, black (hard) 
Maple, red (soft) 
Spruce, red 
Spruce, Sitka 
Sycamore 
Teak 

Walnut, black 
Yellow Poplar 



Alder, red 

Basswood 

Butternut 

Cativo 

Chestnut 

Cottonwood, black 

Cottonwood, 
eastern 

Elm, American 

Elm, slippery 

Hackberry 

Hemlock, eastern 

Lauan - Shorea, 
Parashorea, and 
Pentacme spp. 

Maple, silver (soft) 

Meranti - Shorea 
spp. (Indonesia 
and Malaysia) 

Pine, ponderosa 

Pine, sugar 

Pine, eastern white 

pine, western white 

Primavera 

Redwood 

Sassafras 

Spruce, black 

Spruce, Engelmann 

Spruce, white 

Tupelo 



Aspen, bigtooth 
Aspen, quaking 
Cedar, eastern red 

Cedar, western red 
Willow, black 



Categories are based primarily on modulus of elasticity (MOE) and specific gravity values published in 
the Wood Handbook: Wood as an Engineering Material, 1987, published by the U.S. Department of 
Agriculture, and available from the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 

Commercial groups of species shown in bold type as based on ASTM D 1 165 (reapproved 1994), 
Standard Nomenclature of Domestic Hardwoods and Softwoods, available from the American Society 
for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103. 



TABLE 1.3 MINIMUM PERMISSIBLE QUALITY OF VENEERS 



Defect Type 


Size and Quantity Permissible 


Knots 


3" maximum diameter, 27 knots per 4' x 8' sheet or 24 knots per 4' x T 
sheet. Aggregate width maximum 10" in any 4' square. 


Splits 


Maximum size 2" width by 8" long; 1" width 1/4 panel length; 1/2" width for 
1/2 panel length; 1/4" width for full panel length. Total of 2 splits for 4' 
width of sheet. Aggregate width should not exceed 2" along width of 
sheet. 


Decay 


Forms of decay that cause the wood to crumble are prohibited. White 
pocket (Fomes pini) is allowed as follows: any area 24" wide across the 
grain and 12" long, in which light or heavy white pocket occurs, shall not 
contain more than three of the following characteristics in any 
combination: 

(a) 6" width of heavy white pocket 

(b) 1 2" width of light white pocket 

(c) One knot or knothole, 1 1/2" to 2 1/2", or two knots or 
knotholes, 1" to 1 1/2"; knots or knotholes less than 1" 
shall not be considered. Sizes of any knot or knotholes 
shall be measured in greatest dimension. Any repair in 
white pocket area shall be treated for grading purposes as 
a knothole. 


Other Defects Allowed 


Stains and other defects that do not seriously impair the strength or 
serviceability of the panels. 



TABLE 1 .4 INTERNAL CONSTRUCTION OF PLYWOOD - Domestic Lay Ups (D), Imported Lay Ups (I) 









Approximate 






Minimum Net 


Lay Up 


Nominal and 




Component 


Species 




Thickness from 


Designation 


Minimum Overall 
Thickness 1 


Ply 


Thickness 
(inches) 


Group 


See Footnote 2 


Bottom of Groove 
(inches) 


1 


7/16" 


Face 


0.030 


D 


Grooves 1/2" Wide 


0.200 


D 


0.390" 


Crossband 


0.094 


B 










Core 


0.092 


B 


Not Grooved 


No Wood Removed 






Crossband 


0.094 


B 










Back 


0.080 


B 






2 


7/16" 


Face 


0.128 


D 


Grooves 1/2" Wide 


0.220 


D 


0.390" 


Core 


0.132 


D 










Back 


0.130 


D 


Not Grooved 


No Wood Removed 


3 


27/64" 


Face 


0.030 


A 


Grooves 9/16" Wide 


0.215 


D 


0.375" 


Crossband 


0.100 


C 










Core 


0.100 


C 


Not Grooved 


No Wood Removed 






Crossband 


0.100 


C 










Back 


0.045 


C 






4 


3/8" 


Face 


0.020 


D 


Grooves 9/16" Wide 


0.160 


D 


0.328" 


Crossband 


0.095 


D 










Core 


0.093 


D 


Not Grooved 


No Wood Removed 






Crossband 


0.095 


D 










Back 


0.025 


D 






5 


5/16" 


Face 


0.087 


D 


Grooves 3/8" Wide 


0.150 


D 


0.265" 


Core 


0.090 


D 










Back 


0.088 


D 


Not Grooved 


No Wood Removed 


6 


1/4" 


Face 


0.025 


A 


Grooves 1/4" Wide 


0.140 


D 


0.203" 


Core 


0.093 


C 










Back 


0.085 


C 


Not Grooved 


No Wood Removed 


7 


1/4" 


Face 


0.025 


B 


Grooves 1/4" Wide 


0.140 


D 


0.203" 


Core 


0.093 


C 










Back 


0.085 


C 


Not Grooved 


No Wood Removed 



1 Overail panel thicknesses apply to prefinished panels ready for shipment 
2 Each lay up provides for grooved and ungrooved panels 



TABLE 1 .4 INTERNAL CONSTRUCTION OF PLYWOOD - Domestic Lay Ups (D), Imported Lay Ups (I) 



Lay Up Nominal and 
Designation Minimum Overall 
Thickness 1 


Ply 


Approximate 

Component 

Thickness 

(inches) 


Species 
Group 


See Footnote 2 


Minimum Net 

Thickness from 

Bottom of Groove 

(inches) 


8 1/4" 
D 0.203" 


Face 
Core 
Back 


0.025 
0.093 
0.085 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.140 
No Wood Removed 


9 1/4" 
D 0.203" 


Face 
Core 
Back 


0.025 
0.093 
0.085 


D 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.140 
No Wood Removed 


10 1/4" 
D 0.203" 


Face 
Core 
Back 


0.025 
0.093 
0.085 


D 
C 
C 


Grooves 9/16" Wide 
Not Grooved 


0.173 
No Wood Removed 


11 1/4" 
D 0.203" 


Face 
Core 
Back 


0.025 
0.143 
0.035 


D 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.140 
No Wood Removed 


12 1/4" 
D 0.203" 


Face 
Core 
Back 


0.025 
0.143 
0.035 


A 
D 
C 


Grooves 1/4" Wide 
Not Grooved 


0.140 
No Wood Removed 


13 1/4" 
D 0.203 


Face 
Core 
Back 


0.025 
0.143 
0.035 


B 
D 
C 


Grooves 1/4" Wide 
Not Grooved 


0.140 
No Wood Removed 


14 1/4" 
I 0.203" 


Face 
Core 
Back 


0.025 
0.148 
0.030 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.143 
No Wood Removed 


15 4.0mm 
I 0.146" 


Face 
Core 
Back 


0.025 
0.091 
0.030 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.091 
No Wood Removed 



1 Overali panel thicknesses apply to prefinished panels ready for shipment. 
2 Each lay up provides for grooved and ungrooved panels. 



TABLE 1 .4 INTERNAL CONSTRUCTION OF PLYWOOD - Domestic Lay Ups (D), Imported Lay Ups (I) 



Lay Up Nominal and 
Designation Minimum Overall 
Thickness 1 


Ply 


Approximate 

Component 

Thickness 

(inches) 


Species 
Group 


See Footnote 2 


Minimum Net 

Thickness from 

Bottom of Groove 

(inches) 


16 3.6mm 
I 0.130" 


Face 
Core 
Back 


0.025 
0.075 
0.030 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.075 
No Wood Removed 


17 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


A 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


27 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


A 
D 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


18 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


B 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


28 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


B 
D 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


19 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


29 3/16" 
D 0.156" 


Face 
Core 
Back 


0.025 
0.101 
0.030 


C 
D 
C 


Grooves 1/4" Wide 
Not Grooved 


0.100 
No Wood Removed 


20 5/32" 
D 0.146" 


Face 

Core 

J Back 


0.025 
0.091 
0.030 


A 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.090 
| No Wood Removed 



1 Overall panel thicknesses apply to prefinished panels ready for shipment. 
2 Each lay up provides for grooved and ungrooved panels. 
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TABLE 1 .4 INTERNAL CONSTRUCTION OF PLYWOOD - Domestic Lay Ups (D), Imported Lay Ups (I) 



Lay Up 
Designation 


Nominal and 
Minimum Overall Ply 
Thickness 1 


Approximate 

Component 

Thickness 

(inches) 


Species 
Group 


See Footnote 2 


Minimum Net Thickness 

from 

Bottom of Groove 

(inches) 


21 
D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


B 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 


22 

D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


C 
C 
C 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 


23 
D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


A 
B 
A 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 


24 
D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


A 
B 
B 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 


25 
D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


B 
B 
A 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 


26 
D 


5/32" Face 

0.146" Core 

Back 


0.025 
0.091 
0.030 


B 
B 
B 


Grooves 1/4" Wide 
Not Grooved 


0.090 
No Wood Removed 



1 Overali panel thicknesses apply to prefinished panels ready for shipment. 
2 Each lay up provides for grooved and ungrooved panels. 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES* OF PLYWOOD 



Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft 


Moment of 

Inertia 

I 

in. 4 /ft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft. 


1 
D-G 


7/16" 
(0.390") 


0.127 


Parallel 
Perpendicular 


2.61 
1.35 


0.0472 
0.0335 


0.173 
0.022 


3.05 
2.42 


1 
D-U 


7/16" 
(0.390") 


0.327 


Parallel 
Perpendicular 


2.71 
2.71 


0.0494 
0.0370 


0.184 
0.182 


3.08 
2.42 


2 
D-G 


7/16" 
(0.390") 


0.090 


Parallel 
Perpendicular 


2.94 
1.08 


0.0540 
0.0036 


0.230 
0.019 


3.38 


2 

D-U 


7/16" 
(0.390") 


0.260 


Parallel 
Perpendicular 


3.06 
1.58 


0.0565 
0.0039 


0.245 
0.051 


3.38 


3 
D-G 


27/64" 
(0.375") 


0.126 


Parallel 
Perpendicular 


1.52 
0.87 


0.0232 
0.0200 


0.095 
0.017 


4.56 
2.51 


3 
D-U 


27/64" 
(0.375") 


0.252 


Parallel 
Perpendicular 


1.57 
1.75 


0.0243 
0.0223 


0.097 
0.127 


4.44 
2.61 


4 
D-G 


3/8" 
(0.328") 


0.135 


Parallel 
Perpendicular 


1.57 
1.14 


0.0132 
0.0199 


0.066 
0.019 


4.20 
2.45 


4 
D-U 


3/8" 
(0.328") 


0.303 


Parallel 
Perpendicular 


1.65 
2.28 


0.0139 
0.0222 


0.071 
0.155 


4.08 
2.45 


5 
D-G 


5/16" 
(0.265") 


0.062 


Parallel 
Perpendicular 


2.01 
0.74 


0.0171 
0.0012 


0.108 
0.009 


2.30 


5 
D-U 


5/16" 
(0.265") 


0.177 


Parallel 
Perpendicular 


2.08 
1.08 


0.0177 
0.0012 


0.113 
0.024 


2.30 



KEY: ^Reductions have been made to the properties to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood G: grooved plywood U: ungrooved plywood 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES* OF PLYWOOD 



Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft. 


Moment of 
Inertia 

I 
in.Vft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft. 


6 
D-G 


1/4" 
(0.203") 


0.041 


Parallel 
Perpendicular 


0.91 
0.44 


0.0048 
0.0007 


0.036 
0.005 


1.92 


6 
D-U 


1/4" 
(0.203") 


0.094 


Parallel 
Perpendicular 


0.92 
0.74 


0.0049 
0.0007 


0.037 
0.014 


1.92 


7 
D-G 


1/4" 
(0.203") 


0.055 


Parallel 
Perpendicular 


1.04 
0.53 


0.0051 
0.0008 


0.037 
0.006 


1.93 


7 
D-U 


1/4" 
(0.203") 


0.118 


Parallel 
Perpendicular 


1.05 
0.89 


0.0052 
0.0009 


0.038 
0.017 


1.93 


8 
D-G 


1/4" 
(0.203") 


0.055 


Parallel 
Perpendicular 


1.29 
0.66 


0.0056 
0.0010 


0.038 
0.007 


1.96 


8 
D-U 


1/4" 
(0.203") 


0.118 


Parallel 
Perpendicular 


1.30 
1.16 


0.0058 
0.0011 


0.039 
0.020 


1.96 


9 
D-G 


1/4" 
(0.203") 


0.058 


Parallel 
Perpendicular 


1.38 
0.79 


0.0061 
0.0013 


0.039 
0.008 


1.99 


9 
D-U 


1/4" 
(0.203") 


0.124 


Parallel 
Perpendicular 


1.39 
1.34 


0.0062 
0.0014 


0.041 
0.024 


1.98 


10 
D-G 


1/4" 
(0.203") 


0.093 


Parallel 
Perpendicular 


1.39 
1.27 


0.0064 
0.0017 


0.040 
0.021 


2.05 


10 
D-U 


1/4" 
(0.203") 


0.124 


Parallel 
Perpendicular 


1.41 
1.34 


0.0069 
0.0018 


0.043 
0.024 


2.03 



KEY: *Reductions have been made to the properties 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood 



to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
G: grooved plywood U: ungrooved plywood 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES* OF PLYWOOD 



Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft. 


Moment of 
Inertia 

I 
in. 4 /ft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft 


11 
D-G 


1/4" 
(0.203") 


0.112 


Parallel 
Perpendicular 


0.70 
1.51 


0.0064 
0.0049 


0.041 
0.030 


2.05 


11 
D-U 


1/4" 
(0.203") 


0.177 


Parallel 
Perpendicular 


0.71 
2.06 


0.0066 
0.0051 


0.043 
0.056 


2.05 


12 
D-G 


1/4" 
(0.203") 


0.073 


Parallel 
Perpendicular 


0.54 
0.63 


0.0041 
0.0015 


0.032 
0.013 


2.08 


12 
D-U 


1/4" 
(0.203") 


0.096 


Parallel 
Perpendicular 


0.56 
0.86 


0.0042 
0.0016 


0.033 
0.024 


2.08 


13 
D-G 


1/4" 
(0.203") 


0.099 


Parallel 
Perpendicular 


0.60 
0.76 


0.0045 
0.0018 


0.038 
0.015 


2.08 


13 
D-U 


1/4" 
(0.203") 


0.160 


Parallel 
Perpendicular 


0.61 
1.03 


0.0046 
0.0019 


0.038 
0.029 


2.08 


14 
l-G 


1/4" 
(0.203") 


0.113 


Parallel 
Perpendicular 


0.64 
1.36 


0.0050 
0.0033 


0.039 
0.029 


2.09 


14 
l-U 


1/4" 
(0.203") 


0.173 


Parallel 
Perpendicular 


0.65 
1.78 


0.0051 
0.0034 


0.041 
0.051 


2.09 


15 
l-G 


4.0mm 
(0.146") 


0.061 


Parallel 
Perpendicular 


0.62 
0.73 


0.0022 
0.0008 


0.025 
0.009 


1.39 


15 
l-U 


4.0mm 
(0.146") 


0.116 


Parallel 
Perpendicular 


0.63 
1.09 


0.0023 
0.0008 


0.026 
0.020 


1.43 



KEY: ^Reductions have been made to the properties 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood 



to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
G: grooved plywood U: ungrooved plywood 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES* OF PLYWOOD 



Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft. 


Moment of 

Inertia 

I 

in. 4 /ft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft. 


16 
l-G 


3.6mm 
(0.130") 


0.045 


Parallel 
Perpendicular 


0.64 
0.54 


0.0017 
0.0004 


0.021 
0.005 


1.25 


16 
l-U 


3.6mm 
(0.130") 


0.100 


Parallel 
Perpendicular 


0.65 
0.90 


0.0018 
0.0005 


0.022 
0.013 


1.25 


17 
D-G 


3/16" 
(0.156") 


0.052 


Parallel 
Perpendicular 


0.51 
0.56 


0.0021 
0.0007 


0.021 
0.007 


1.50 


17 
D-U 


3/16" 
(0.156") 


0.092 


Parallel 
Perpendicular 


0.52 
0.81 


0.0021 
0.0007 


0.021 
0.016 


1.55 


27 
D-G 


3/16" 
(0.156") 


0.049 


Parallel 
Perpendicular 


0.51 
0.42 


0.0021 
0.0005 


0.020 
0.006 


1.50 


27 
D-U 


3/16" 
(0.156") 


0.075 


Parallel 
Perpendicular 


0.52 
0.61 


0.0021 
0.0006 


0.021 
0.012 


1.55 


18 
D-G 


3/16" 
(0.156") 


0.070 


Parallel 
Perpendicular 


0.55 
0.67 


0.0023 
0.0008 


0.024 
0.009 


1.50 


18 
D-U 


3/16" 
(0.156") 


0.106 


Parallel 
Perpendicular 


0.56 
0.97 


0.0024 
0.0009 


0.024 
0.019 


1.55 


28 
D-G 


3/16" 
(0.156") 


0.066 


Parallel 
Perpendicular 


0.55 
0.50 


0.0023 
0.0006 


0.024 
0.007 


1.51 


28 
D-U 


3/16" 
(0.156") 


0.086 


Parallel 
Perpendicular 


0.56 
0.73 


0.0024 
0.0007 


0.024 
0.015 


1.55 



KEY: *Reductions have been made to the properties to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood G: grooved plywood U: ungrooved plywood 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES* OF PLYWOOD 



Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft. 


Moment of 
Inertia 

I 
in. 4 /ft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft. 


19 
D-G 


3/16" 
(0.156") 


0.070 


Parallel 
Perpendicular 


0.62 
0.84 


0.0026 
0.0010 


0.027 
0.011 


1.51 


19 
D-U 


3/16" 
(0.156") 


0.126 


Parallel 
Perpendicular 


0.66 
1.21 


0.0028 
0.0011 


0.029 
0.024 


1.55 


29 
D-G 


3/16" 
(0.156") 


0.066 


Parallel 
Perpendicular 


0.62 
0.63 


0.0026 
0.0008 


0.027 
0.009 


1.51 


29 
D-U 


3/16" 
(0.156") 


0.101 


Parallel 
Perpendicular 


0.63 
0.91 


0.0027 
0.0008 


0.028 
0.018 


1.55 


20 
D-G 


5/32" 
(0.146") 


0.044 


Parallel 
Perpendicular 


0.51 
0.48 


0.0018 
0.0005 


0.019 
0.005 


1.38 


20 
D-U 


5/32" 
(0.146") 


0.086 


Parallel 
Perpendicular 


0.52 
0.73 


0.0018 
0.0006 


0.019 
0.013 


1.44 


21 
D-G 


5/32" 
(0.146") 


0.060 


Parallel 
Perpendicular 


0.55 
0.58 


0.0020 
0.0006 


0.022 
0.007 


1.39 


21 
D-U 


5/32" 
(0.146") 


0.098 


Parallel 
Perpendicular 


0.56 
0.87 


0.0020 
0.0007 


0.022 
0.016 


1.44 


22 

D-G 


5/32" 
(0.146") 


0.060 


Parallel 
Perpendicular 


0.62 
0.72 


0.0022 
0.0008 


0.025 
0.008 


1.39 


22 
D-U 


5/32" 
(0.146") 


0.116 


Parallel 
Perpendicular 


0.66 
1.09 


0.0024 
0.0008 


0.026 
0.020 


1.44 



KEY: *Reductions have been made to the properties to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood G: grooved plywood U: ungrooved plywood 
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TABLE 2.1 CROSS-SECTIONAL PROPERTIES 


* OF PLYWOOD 










Lay Up 
Designation** 


Thickness 


Direction of 

Stress Relative 

to Face Grain 


Effective Properties of Cross-Section of Width 12.0 Inch 


Nominal 
(Minimum) 


Effective 

for Shear 

(inches) 


Area for 
Direct Stress 

in. 2 /ft. 


Moment of 

Inertia 

I 

in. 4 /ft. 


Section 

Modulus 

KS 

in. 3 /ft. 


Rolling 

Shear Constant 

IB/Q 

in. 2 /ft. 


23 
D-G 


5/32" 
(0.146") 


0.044 


Parallel 
Perpendicular 


0.62 
0.52 


0.0022 
0.0006 


0.025 
0.006 


1.39 


23 
D-U 


5/32" 
(0.146") 


0.089 


Parallel 
Perpendicular 


0.63 
0.79 


0.0023 
0.0007 


0.026 
0.014 


1.44 


24 
D-G 


5/32" 
(0.146") 


0.044 


Parallel 
Perpendicular 


0.49 
0.52 


0.0020 
0.0006 


0.020 
0.006 


1.39 


24 
D-U 


5/32" 
(0.146") 


0.089 


Parallel 
Perpendicular 


0.50 
0.79 


0.0021 
0.0007 


0.020 
0.014 


1.44 


25 
D-G 


5/32" 
(0.146") 


0.060 


Parallel 
Perpendicular 


0.68 
0.72 


0.0024 
0.0008 


0.025 
0.008 


1.39 


25 
D-U 


5/32" 
(0.146") 


0.116 


Parallel 
Perpendicular 


0.70 
1.09 


0.0025 
0.0008 


0.026 
0.020 


1.44 


26 
D-G 


5/32" 
(0.146") 


0.060 


Parallel 
Perpendicular 


0.62 
0.72 


0.0022 
0.0008 


0.025 
0.008 


1.39 


26 
D-U 


5/32" 
(0.146") 


0.116 


Parallel 
Perpendicular 


0.63 
1.09 


0.0023 
0.0008 


0.026 
0.020 


1.43 



KEY: *Reductions have been made to the properties to allow for the effect of two grooves in the face ply and one split 1/4 inch wide in the 
back ply opposite a groove. 
**D: domestic plywood I: imported plywood G: grooved plywood U: ungrooved plywood 
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TABLE 3.1 BASIC WORKING STRESSES FOR PLYWOOD* 



Type of Stress 


Basic Working Stress (psi) for Species 


Group A 


Group B 


Group C 


Group D 


Extreme fiber in bending 


1,650 


1,200 


1,200 


1,000 


Compression in plane of plywood 


1,550 


1,100 


1,100 


950 


Compression perdendicularto plywood 
(bearing on surface) 


340 


220 


220 


160 


Shear in plane perpendicular to surface 


230 


170 


170 


160 


Shear in plane of plywood (rolling shear) 


48 


48 


48 


48 


Modulus of elasticity 


1,800,000 


1,500,000 


1,200,000 


900,000 



'Plywood oriented with the face grain parallel or perpendicular to the direction of the stress. 
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TABLE 3.3.1 



DURATION OF LOAD FACTORS 



Duration and Type of Load 


Multiplying Factor 


Permanent (over 10 years) - dead load 


0.9 


Normal (10 years) 


1.0 


Two months - snow load 


1.15 


One week - crowds 


1.25 


One day- wind, earthquake 


1.33 


Impact 


2.0 



TABLE 3.3.2 MODIFICATION FACTORS FOR HUMID (NOT DAMP) CONDITIONS 



Property 


Multiplying Factor 


Extreme fiber stress in bending 


0.7 


Compression parallel to grain 


0.6 


Shear 


0.84 


Bearing 


0.67 


Modulus of elasticity 


0.8 
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